Introduction
============

In recent years, the number of older adults who suffer from mental disorders has been increasing globally.[@b1-cia-13-271] Common mental disorders in older adults include depression and anxiety, and because of their severe consequences, they should be regarded as an important public health problem. Depression and anxiety in the elderly are associated with medical comorbidities and cognitive decline, in addition to increased risks of dementia, suicide risk, and overall mortality.[@b2-cia-13-271]--[@b4-cia-13-271]

The possible association between physical activity and psychological state has been discussed for several years. Many studies have accumulated evidence concerning improvements in the mental health of older adults as a result of exercise/physical activity. An intervention based on exercise has been shown to reduce depression severity in older adults.[@b5-cia-13-271] A measurable effect of interventions of mixed aerobic and anaerobic exercise sessions, which are moderate intensity, on depression has already been observed.[@b6-cia-13-271] It has been reported that regular physical activity may be effective for improving anxiety symptoms in older adults.[@b7-cia-13-271] On the other hand, exercise intervention appeared to have limited effect on reducing the fear of falling.[@b8-cia-13-271]

Some community-dwelling older adults, although not mentally ill, suffer from stress, although the severity of this differs. There is a possibility that they have some disturbance in their mood state, which may proceed to develop into a mental disorder. It is therefore necessary to prevent people who are in good mental health from developing a mental disorder. Population aging has increased public interest in maintaining a healthy and high-quality life. Exercise is considered as one of the means for the promotion of good mental health and quality of life and lifestyle. Therefore, more studies evaluating the effect of exercise on mood and stress of the general population are necessary. It was reviewed that physical activity have improved mental health of patients with psychological distress.[@b5-cia-13-271]

In general, community-dwelling older adults show low rates of participation in physical activities due to poor access to facilities that provide exercise programs; in addition, the economic burden of attending these programs can also be a barrier. Moreover, it is difficult to perform physical training with an exercise apparatus at home. Therefore, exercise programs that are properly designed for an individual's physical conditions and that can be easily performed at home are required. For example, elastic bands are easily used, portable, and inexpensive, and they are widely used to develop muscle strength and power.[@b9-cia-13-271] Thera-Band, one such type of elastic band, is known to be a device that makes it possible to do physical training at home, and studies assessing the effect of training using the Thera-Band have been carried out in recent years.[@b10-cia-13-271],[@b11-cia-13-271] Resistance training using Thera-Band has shown effects on enhancement of muscle strength in older adults.[@b12-cia-13-271],[@b13-cia-13-271]

The primary objective of this study was to investigate the intervention effect of exercise using Thera-Band on mood state and levels of stress-related markers in community-dwelling older adults who participated in a comprehensive health promotion program. In addition, the study aimed to evaluate the association between psychological improvements and biological changes.

Participants and methods
========================

Participants
------------

A total of 61 male and female adults aged ≥60 years who were living independently were enrolled in the study. Participants were recruited from people enrolled in a comprehensive health promotion program conducted by Hyogo University at three community centers in Kakogawa city during 2015--2016. A pragmatic approach was taken to the allocation of participants to the intervention and control groups because community centers were unwilling to be randomized. Participants in the health promotion services were allocated to either group (intervention and control) based on their community center. All participants were Japanese and lived in Kakogawa city. The exclusion criteria were as follows: 1) physically and/or mentally disabled people, and 2) people who could not understand Japanese.

Intervention
------------

Participants in the intervention group received a resistance exercise program devised for older adults using Thera-Band (The Hygenic Corp., Akron, OH, USA). This program included the use of Thera-Band when performing knee flexion to extension while sitting, standing from sitting, elbow flexion to extension while sitting, hip flexion to extension while standing, or hip extension to flexion while standing. The intensity was adjusted with the perceived extension rated at 12--13. Contents of the exercise program were provided through media such as booklets and/or DVDs. Subjects were asked to practice the exercise program at home for 20 minutes twice per week for 6 months. Participants in the control group were asked to keep to their normal daily activities and were requested to avoid starting a new physical activity. A reminder letter was sent to participants in the intervention group at 3 months to remind them to continue with the program.

Measures
--------

All participants provided salivary samples and completed psychological questionnaires (short form of the Profile of Mood States \[POMS-SF\]) at baseline and 6-month follow-up.

### Salivary biomarkers

Saliva samples were collected at the beginning of the comprehensive health promotion program, at 10 am prior to start of exercise, by having participants chew on a cotton roll (Salivettes; Sarstedt AG & Co., Nümbrecht, Germany) for 2 minutes. They were requested to abstain from smoking, food, and strenuous physical activity for 1 hour before each saliva collection. After collection, the specimens were immediately transferred to storage tubes and stored in a freezer. Analysis of specimens was performed at Yanaihara Institute Inc. (Fujinomiya, Shizuoka, Japan) using the Salivary EIA Kit.

### POMS-SF

To measure participants' mental health status, the Japanese version of the POMS-SF[@b14-cia-13-271],[@b15-cia-13-271] was used. This instrument has achieved wide acceptance as a self-reported measure for assessing psychological distress in a variety of healthy and physically and mentally ill populations in Japan. The POMS-SF consists of 30 items grouped into six subscales: tension--anxiety, depression--dejection, anger--hostility, vigor, fatigue, and confusion. Standardized scores for each item ranged from 20 to 85 using a 5-point Likert scale. The reliability of the POMS-SF and its subscales has been estimated by Cronbach's alpha values, which ranged from 0.57 to 0.88 (*p*\<0.01) in a study by Yokoyama,[@b15-cia-13-271] which indicated that POMS-SF has a fairly high reliability. The internal consistency of the estimates for this study was quite high across all samples and subscales. The value of Cronbach's alpha was 0.94 for the total mood disturbance score and ranged from 0.84 to 0.95 for each of the six subscales. Thus, the POMS-SF was reasonable to use for this study.

Statistical analysis
--------------------

Comparisons of participants' demographics in the intervention and control groups were done using chi-square tests. Baseline data on POMS-SF and salivary biomarkers of both groups were compared using the Mann--Whitney *U* test. Wilcoxon signed-rank tests were used to compare differences in the groups' scores at baseline and 6-month follow-up. Correlations between changes in cortisol level and in POMS-SF "fatigue" score were assessed using Pearson correlation coefficients. Statistical analyses were performed using SPSS version 23, and differences with *p*\<0.05 were considered as statistically significant.

Ethical considerations
----------------------

This study was approved by the Hyogo University Ethics Committee (No 14007). All subjects participated on a voluntary basis and provided written informed consent prior to data collection.

Results
=======

The exercise program was applied over a period of 6 months to 32 older adults. Retention was very high for both the intervention and control groups (6.3% withdrew from the intervention group and 3.4% from the control group) with two participants from the intervention group and one participant from the control group unavailable for follow-up.

[Table 1](#t1-cia-13-271){ref-type="table"} gives the distribution of sex and age in the intervention and control groups. Participants ranged in age from 60 to 87 years with an average age of 70.9±5.9 years (intervention: 70.5±5.5 years and control: 71.3±6.3 years) and were predominantly female (52.4%). The age and sex distributions did not differ significantly between groups.

Differences in the POMS-SF score between the intervention and control groups at baseline were all nonsignificant, indicating equivalency ([Table 2](#t2-cia-13-271){ref-type="table"}). Overall, the mean values of POMS-SF subscales for both groups were not high.

In the intervention group, from baseline to 6-month follow-up, the scores for tension--anxiety, depression--dejection, fatigue, and confusion decreased and scores for anger--hostility and vigor increased ([Table 2](#t2-cia-13-271){ref-type="table"}). However, only for "fatigue", this change reached statistical significance. In the control group, although all scores on subscales had increased at the 6-month follow-up compared to baseline, none were significant.

The salivary cortisol levels significantly decreased from baseline to 6-month follow-up in the intervention group ([Table 3](#t3-cia-13-271){ref-type="table"}). The salivary levels of alpha-amylase and sIgA also decreased, but these changes did not reach statistical significance. In the control group, all measured biomarkers also decreased from baseline to 6-month follow-up, but none of the changes in the salivary levels of biomarkers reached statistical significance.

To explore a possible association between changes in biomarker levels and psychological changes, the correlation between changes in cortisol levels and in "fatigue" scores was calculated. No significant correlation was observed.

Discussion
==========

In this investigation of the effectiveness of an exercise program on psychological status and salivary stress biomarkers in the setting of community health service centers, the ease of doing exercise with the use of elastic bands contributed to a lower dropout rate in the intervention group. The ease of using an elastic band may be an advantage for promoting exercise among older adults.

Exercise had a positive impact on the mental health of some older adults in the intervention group, as measured by the "fatigue" dimension of the POMS-SF. Stress caused by daily life can be manifested in different moods, and the subscales of the POMS-SF are considered to represent these. Exercise is expected to positively modify these moods. Participants in the present study were more likely to experience a change in the "fatigue" subscale than in the other expressions of mood in the POMS-SF. It is hypothesized in the present study that exercise contributed to improvement in the participants' physical functions of daily life and thus prevented feelings of fatigue. Feeling fatigued is a primary, personal feeling that can be concomitant with other cognitive functions such as not wanting to continue or initiate a task.[@b16-cia-13-271] Feeling fatigued is common in older adults. The finding that chronic exercise increased feelings of energy and decreased feelings of fatigue has been reported in many epidemiological studies and is not limited to older adults.[@b17-cia-13-271] It was concluded in a recent review that exercise can decrease cancer-related fatigue among cancer patients of all ages.[@b18-cia-13-271] Several other studies also reported an improvement in the "fatigue" dimension of the POMS-SF as a result of physical activity.[@b19-cia-13-271],[@b20-cia-13-271] However, these studies differed from the present study in that they included subjects with some type of disorder. It has been reported that levels of habitual physical activity are lower in older adults with greater self-reported fatigue.[@b21-cia-13-271] Our results confirm results from another study in which older adults (mean age of 58±5 years) who had an intervention with resistance band exercise similarly showed an improvement in feelings of fatigue.[@b22-cia-13-271]

No significant changes were observed in the other subscales of the POMS-SF. The scores for "depression" and "anger" at baseline might have been too low to detect any significant reduction after 6 months. There have been studies reporting significant improvements in scores for tension, vigor, and confusion by providing exercise to study subjects.[@b23-cia-13-271]--[@b27-cia-13-271] Further research on this association is needed in older adults who, on average, have higher baseline scores for these subscales.

A statistically significant decrease was observed in the salivary levels of cortisol, which is considered to be secreted when human beings experience stress, in the intervention group but not in the control group. It has previously been reported that salivary cortisol levels were higher in subjects who experienced chronically higher stress than in those with lower stress.[@b28-cia-13-271]--[@b30-cia-13-271] Decreases in cortisol levels in the intervention group in the present study may have been a consequence of decreased stress as a result of regular exercise introduced as the intervention. Previous studies also reported that an intervention of exercise lowered cortisol levels, which is consistent with the results of the present study.[@b31-cia-13-271]--[@b33-cia-13-271] However, there have been no studies that reported simultaneous changes in feelings of fatigue and cortisol levels among subjects who had received an intervention of regular exercise. As such, we hypothesize that changes in mood state may have a direct effect on secretion of substances such as cortisol. Data from the present study may help elucidate the involvement of exercise in the reduction of fatigue.

No significant change in levels of alpha-amylase and IgA was seen in either group. There have been studies that reported insignificant effects of long-term exercise intervention on alpha-amylase level, which support the present study.[@b34-cia-13-271]--[@b36-cia-13-271] In contrast, however, Furtado et al[@b37-cia-13-271] reported that an intervention of chair yoga exercise reduced alpha-amylase levels in institutionalized older adults. It has also been reported that older adults who received an intervention of exercise experienced an increase in salivary IgA levels.[@b38-cia-13-271]--[@b41-cia-13-271] In another study, there was no significant change in cortisol levels, although there was a significant change in the level of sIgA,[@b38-cia-13-271] which contradicts the findings of the present study. This inconsistency may suggest that secretion of stress-related substances could be controlled by several complicated mechanisms.

Effects of physical activity on the improvement of mental health in patients with psychological disease are reviewed.[@b5-cia-13-271] However, there are only a few studies[@b42-cia-13-271],[@b43-cia-13-271] that describe the effect of exercise on the mental health of community-dwelling older adults. Field studies of community-dwelling older adults are useful for elucidating causes of mental diseases and disorders and for developing methods to prevent them. To this end, the present study contributes to the accumulation of knowledge on how to improve the mental health of community-dwelling older adults.

The present study has limitations that must be addressed. First, the study was not a randomized control trial (RCT). People in the government premises such as community centers are difficult to recruit for RCTs because participants in the intervention group, who complete a voluntary exercise program, possibly have higher awareness about exercise and their own health compared to participants in the control group. Second, the present study included a relatively small sample size. Analyses with small sample sizes have the risk of overestimating the impact of associations between items included in the statistical analyses. Third, subjects in the present study were considered to have higher awareness of their health because they participated in physical activities conducted in community centers, and therefore, the results of this study cannot necessarily be applied to other community-dwelling populations.

Conclusion
==========

Simultaneous changes in feelings of fatigue and cortisol levels were observed among subjects who had received an intervention of regular exercise with a Thera-Band. Further research is needed to investigate effectiveness of exercise intervention in improving mental health in older adults.
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###### 

Participant demographics

               Intervention (n=32)   Control (n=29)   *p*-value
  ------------ --------------------- ---------------- -----------
  Age, years                                          0.348
   60--69      15 (46.9)             16 (55.2)        
   ≥70         17 (53.1)             13 (44.8)        
  Sex                                                 0.398
   Male        9 (28.1)              10 (34.5)        
   Female      23 (71.9)             19 (65.5)        

**Note:** Data are expressed as number (%).

###### 

POMS-SF scores at baseline and 6-month follow-up

               Intervention   Control                               
  ------------ -------------- --------- ------- --------- --------- -------
  Tension      4.8±0.7        3.7±0.5   0.146   4.2±0.6   4.7±0.5   0.343
  Depression   2.5±0.5        2.2±0.5   0.538   2.0±0.3   2.2±0.4   0.474
  Anger        2.8±0.4        3.0±0.5   0.841   2.2±0.4   2.6±0.4   0.410
  Vigor        6.7±0.6        7.7±0.6   0.148   7.1±0.6   7.6±0.6   0.405
  Fatigue      3.8±0.3        2.3±0.3   0.001   3.6±0.2   3.7±0.3   0.770
  Confusion    5.7±0.5        5.4±0.4   0.942   4.7±0.4   5.1±0.4   0.423

**Note:** Data are expressed as mean ± SD.

**Abbreviation:** POMS-SF, short form of the Profile of Mood States.

###### 

Levels of cortisol, alpha-amylase, and sIgA at baseline and 6-month follow-up

                         Intervention   Control                                               
  ---------------------- -------------- -------------- ------- -------------- --------------- -------
  Cortisol (μg/dL)       0.20±0.02      0.14±0.01      0.007   0.18±0.02      0.17±0.02       0.222
  Alpha-amylase (U/mL)   235.54±33.33   216.16±25.87   0.421   255.38±41.01   217.09±33.30    0.112
  sIgA (μg/mL)           327.34±57.24   330.51±43.23   0.421   276.23±44.11   223.311±45.13   0.094

**Note:** Data are expressed as mean ± SD.
